Nondepleting anti-CD25 monoclonal antibodies (daclizumab) and depleting polyclonal antithymocyte globulin (Thymoglobulin) both prevent acute rejection, but these therapies have not been directly compared in a high-risk, HLA-sensitized renal transplant population. We randomly assigned 227 patients, who were about to receive a kidney graft from a deceased donor, to either Thymoglobulin or daclizumab if they met one of the following risk factors: current panel reactive antibodies (PRA) Ͼ30%; peak PRA Ͼ50%; loss of a first kidney graft from rejection within 2 yr of transplantation; or two or three previous grafts. Maintenance immunosuppression comprised tacrolimus, mycophenolate mofetil, and steroids. Compared with the daclizumab group, patients treated with Thymoglobulin had a lower incidence of both biopsy-proven acute rejection (15.0% versus 27.2%; P ϭ 0.016) and steroid-resistant rejection (2.7% versus 14.9%; P ϭ 0.002) at one year. One-year graft and patient survival rates were similar between the two groups. In a comparison of rejectors and nonrejectors, overall graft survival was significantly higher in the rejection-free group (87.2% versus 75.0%; P ϭ 0.037). In conclusion, among high-immunologicalrisk renal transplant recipients, Thymoglobulin is superior to daclizumab for the prevention of biopsyproven acute rejection, but there is no significant benefit to one-year graft or patient survival.
Acute rejection (AR) after renal transplantation can lead to rapid graft loss from irreversible rejection or to the onset of chronic graft rejection with ultimate graft failure. Moreover, despite the availability of potent immunosuppressive drugs such as tacrolimus and mycophenolate mofetil (MMF), the negative impact of AR episodes on graft survival has remained important. 1 Acute rejection typically occurs during the first weeks after transplantation, and consequently, to suppress lymphocyte func-tion, many kidney transplant recipients receive induction therapy with either lymphocyte-depleting rabbit antithymocyte globulin (ATG) or nondepleting IL-2 receptor-antagonizing monoclonal antibodies (IL2RA mAbs). 2 Both types of anti-lymphocytes are equally effective in lowrisk recipients (i.e., patients with no previous exposure to HLA antigens). 3 Previous studies suggest that in this patient population induction therapy significantly decreases the incidence of one-year AR from 20 to 25% to 10 to 15%, [3] [4] [5] with a corresponding incremental increase in both graft and patient survival. [3] [4] [5] [6] However, the patient population most likely to experience AR episodes are high-risk HLA-sensitized patients or those receiving a third or fourth kidney graft. [7] [8] [9] [10] This cohort represents 15 to 20% of waitlisted renal transplant recipients in the United States and Europe, [11] [12] [13] and because of their broad HLA sensitization, these patients are often forced to spend prolonged periods on dialysis before a suitable graft can be allocated. It is also interesting to note that, because these patients experience more frequent and more severe AR that results in poorer graft survival than that of low-risk recipients, [7] [8] [9] [10] they are usually excluded from clinical trials that are designed to examine the efficacy of immunosuppressive agents. 14 -16 As a further rationale for our present trial, data from a decade ago has shown that in HLA-sensitized recipients treated with a combination of the older cyclosporine A formulation (Sandimmun, Novartis, Basel, Switzerland) and azathioprine (Imuran, GlaxoSmithKline, Greenford, UK) induction therapy with either ATG or OKT3 (Muromonab-CD3, Ortho Biotech, Bridgewater, NJ) mAb reduced rejection rates and improved graft survival. 17 Despite these promising early data however, modern-day induction therapy with either ATG or IL2RA mAbs has only been compared in a single study of patients at high risk for delayed graft function or AR. 18 Here, we report the results of a prospective, multicenter, randomized trial that compared biopsy-proven acute rejection (BPAR) incidence in high-immunological-risk renal transplant patients receiving induction therapy with either ATG or daclizumab. One-hundred-thirteen patients in the ATG arm and 114 in the daclizumab arm subsequently entered the trial and are reported here. The groups were well balanced with respect to patient demographics and baseline disease characteristics (Table 1) , and patients were broadly sensitized against HLA antigens, as reflected by a mean current panel reactive antibodies (PRA) of 35% and a peak PRA of 72%. Approximately 10% of patients were highly HLA sensitized, confirmed by a peak PRA above 80%.
RESULTS

Patient Characteristics and Demographics
With regard to graft history, 64 patients (28.4%) were recipients of a first graft, 117 (51.5%) of a second graft, 43 (18.9%) of a third graft, and 3 (1.3%) of a fourth graft. Among the 227 patients analyzed in the study, only 19 (8.4%) had a current PRA Ͻ30% and a peak PRA Ͻ50%. However, these 19 patients were also considered at high immunological risk, because 12 were recipients of a third graft and seven were recipients of a second graft after rejection of their previous graft within the first 2 years.
An intergroup comparison of the mean doses of the immunosuppressant agents administered during the study (i.e., tacrolimus, MMF, and steroids) showed that doses were similar in both groups at all times. Mean MMF doses in both groups were 1.8, 1.5, and 1.3 g/d at months 1, 3, and 12, respectively; mean methylprednisolone doses were approximately 19, 11, and 7 mg/d at months 1, 3, and 12, respectively. A similar intergroup comparison showed that tacrolimus trough levels were higher in daclizumab patients at month one (12.5 versus 11.1 ng/ml; P ϭ 0.026) but that no intergroup differences occurred at any other time point (11.2 versus 11.2 ng/ml at month 3 (P ϭ NS) and 9.1 versus 8.6 ng/ml at month 12 (P ϭ NS)).
Efficacy Endpoints
The primary endpoint, BPAR, was observed in 17 (15.0%) ATG patients and 31 (27.2%) daclizumab patients (P ϭ 0.016) ( Figure 2 and Table 2 ). The median time between transplantation and rejection occurrence was significantly shorter in the daclizumab arm than that in the ATG arm (13 versus 35 d; P ϭ 0.007). Rejection gradings are shown in Table 2 .
The severity of rejection, as scored by the Banff criteria, was higher among the daclizumab patients than the ATG patients, but this difference did not reach statistical significance (P ϭ 0.10). One patient in each arm experienced a rejection episode that was histologically described as antibody mediated, and only one patient (in the ATG group) experienced an episode of BPAR (grade borderline) that was left untreated. All patients received steroids boluses as a first-line treatment for rejection. Additional therapy was administered to 17 daclizumab patients (14.9%) and 3 ATG patients (2.7%) (P ϭ 0.002). In the ATG group, one patient received OKT3 and intravenous immunoglobulin (IVIg), one patient received IVIg and plasmapheresis, and one patient was treated using plamapheresis alone. Of the daclizumab patients, seven received ATG, three received IVIg, three were treated using plasmapheresis, and one was treated with rituximab. Eleven patients experienced recurrent rejection, four in the ATG arm and seven in the daclizumab arm.
At one year, overall graft survival in the ATG and daclizumab groups were 82.3% and 86.0%, respectively (P ϭ 0.47), death-censored graft survival were 85.0% and 89.5%, respectively (P ϭ 0.42), and patient survival were 95.6% and 96.5%, respectively (P ϭ 0.75) (Figure 2) . One-year renal function as assessed by serum creatinine (mg/dl) and Modified Diet in Renal Disease GFR (ml/min/1.73 m 2 , mean Ϯ SD) were 1.7 Ϯ 1.2 versus 1.5 Ϯ 0.6, respectively (P ϭ 0.27), and 49.3 Ϯ 17.9 versus 50.9 Ϯ 17.2, respectively (P ϭ 0.38). Proteinuria (g/d) at one year was 0.53 Ϯ 1.40 (n ϭ 69) and 0.30 Ϯ 0.74 (n ϭ 71) (P ϭ 0.22). Delayed graft function occurred in 31.5% of ATG patients and 44.6% of daclizumab patients (P ϭ 0.044).
To elucidate whether rejection had had a negative impact on the overall cohort of 227 patients, we performed a post hoc analysis to compare those patients who had experienced rejection (n ϭ 48) with those who remained rejection-free (n ϭ 179) at one year. Overall graft survival at one year was 87.2% among rejection-free patients, compared with 75.0% among patients with rejection episodes (P ϭ 0.037).
Safety Endpoints
The proportion of patients who experienced bacterial infectious episodes was identical in both groups (46%; Table 3 ). However, the number of bacterial infectious events among patients who experienced at least one infection was higher in the ATG arm than that in the daclizumab arm (2.5 Ϯ 1.8 versus 1.7 Ϯ 1.2; P ϭ 0.014). The percentage of cytomegalovirus infections requiring therapy was numerically more frequent in the ATG group when compared with the daclizumab group (18.6 versus 10.5%; P ϭ 0.093). No patients developed Pneumocystis jiroveci infections or posttransplant lymphoproliferative disorder. Patients in the ATG group exhibited lower leukocyte counts throughout the study (Table 3) . This was mainly due to a sharp drop in lymphocyte levels at week one, which remained significant after one year. Platelets were transiently lower among the ATG patients at week one but normalized thereafter.
DISCUSSION
The main result from this trial is that ATG was more effective than daclizumab in protecting high-immunological-risk renal-graft recipients from first-year AR. Not only were rejections less frequent, they were also less severe, as indicated by both lower histologic rejection grades and by the reduced incidence of steroid-resistant rejection episodes requiring additional therapy. It was also interesting to note that the lower rejection rates observed in the ATG arm occurred despite the delayed introduction of tacrolimus.
The rejection incidence that we observed in the daclizumab arm was approximately 30%. Although this is much higher than the 10 to 15% rejection incidence reported with a comparable quadruple immunosuppressive regimen in low-risk patients, 1, 16 it is similar to recent data from other studies involving HLA-sensitized patients. [7] [8] [9] [10] Our study was not powered to reveal significant differences in graft survival between the ATG and daclizumab arms, but post hoc analysis of the total patient population revealed that, when compared with patients who remained rejection-free, both graft function and graft survival were significantly lower among patients who experienced rejection. It is therefore likely that, as has been repeatedly observed in low-risk patients, firstyear AR is an important surrogate endpoint for graft survival in patients with high immunological risk.
Longer-term follow-up of the present cohort, meta-analyses of similarly designed trials involving high-risk patients, 18 and analysis of registry data could all contribute to an improved understanding of the long-term merits of ATG induction on graft survival in high-risk patients.
To date, only one prospective, randomized study has compared ATG with an anti-IL2RA mAb in patients at high risk for delayed graft function or AR. 18 As in our study, maintenance immunosuppression comprised MMF and steroids, but ATG was given for 4 d instead of 8 d in our trial, cyclosporine A was given instead of tacrolimus, and basiliximab (Simulect, Novartis) was administered whereas we have been using daclizumab. Furthermore, unlike our study, only 10% of patients enrolled in Brennan's trial were retransplants (versus more than 70% in the present trial), and peak and current PRA values were 14% and 6%, respectively (versus 72% and 35%, respectively, in our cohort).
Despite these differences in immunosuppression and demography, the results of Brennan's study closely mirrored our findings. When compared with the basiliximab group, the ATG group reported a lower incidence of both AR (15.6% versus 25.5%; P ϭ 0.02) and AR that required antibody treatment (1.4% versus 8.0%; P ϭ 0.005). It can therefore be concluded that, in terms of rejection prevention, all high-risk patients benefit from ATG rather than IL2RA mAb induction therapy.
Exactly why ATG prevents AR more successfully than an IL2RA mAb in these high-risk patients remains unclear. It is possible that HLA-specific, memory T cells are able to use non-IL-2 cytokines for activation, while remaining susceptible to ATG-depleting effects. In addition, the B cell depleting actions of thymoglobulin may also be operative in HLA-sensitized patients. 19 With regard to safety, ATG patients had lower lymphocyte counts that persisted at one year. They experienced more bacterial infections and showed a trend to more frequent cytomegalovirus infection. This, however, had no impact on pa- Figure 2 . Cumulative probability of biopsy-proven acute rejection (A) and death-censored allograft survival (B), according to study group. tient survival. In addition, although the risk of posttransplant lymphoproliferative disorder has been reported to reach 1% in patients receiving ATG 6 (a significantly higher level than that in patients given anti-IL2RA mAbs), no patients in either of our study groups developed the disorder.
There are several noticeable limitations to our study. First, it was an unblinded trial. Blinding the two arms would have been logistically complex and ethically compromising, because it would have required the maintenance of a central intravenous line in all patients. In reality, of course, a central intravenous line is needed only for ATG administration. Furthermore, clinicians would have easily identified the resultant antibody via a simple examination of leukocyte count.
Second, during the four years (2001-2005) required to recruit these relatively uncommon patients, donor-specific antibodies were not reported in the database, and our biopsies were still scored according to the Banff 97 criteria and not by the more recent classification that takes into account humoral rejection and C4d staining. The reason is that these techniques were not already widely available when the protocol was designed. Although reporting humoral rejection as a distinct entity would certainly have been of value, it is unlikely to have changed the results. This is because even although humoral rejections were not reported as such in the database they were increasingly recognized by the transplant teams and treated accordingly.
Today, the transplantation of HLA-sensitized patients relies on several complementary approaches, such as desensitization with IVIg, 9,10,20 avoidance of immunostimulatory HLA antigens, 21 and the use of paired-donor-exchange programs. 22 Our results suggest that the use of ATG induction therapy rather than the IL2RA mAb, daclizumab, could also help to prevent AR episodes in these problematic, high-risk patients.
CONCISE METHODS
Study Design
The objective of this one-year, prospective, randomized study was to compare the efficacy and safety of ATG and daclizumab in patients at high risk of AR.
This investigator-driven study was undertaken at 16 French and three Belgian centers and was approved by the institutional review board at each site in Belgium and by the Comité de Protection des Personnes dans la Recherche Biomédicale in France. The design, data collection, analysis, and writing were performed by the investigators. Written informed consent was obtained from all patients. The study was registered at the Cochrane Renal Group database (CRG020600038). Patients were assigned to receive either ATG or daclizumab before transplantation, according to a 1:1 central randomization procedure. A stratification was performed for patients with current PRA Ͼ80% to ensure an even distribution between groups. Each patient also received maintenance therapy comprising tacrolimus, MMF, and steroids.
Inclusion and Exclusion Criteria
Adult renal transplant recipients (age range, 18 to 70 yr), each assigned to receive an isolated kidney graft from a deceased donor, were eligible for the study if one or more of the following risk factors were present:
• a current anti-HLA PRA Ն30%;
• a peak PRA Ն50%;
• patients scheduled for a second transplantation, in case the first graft was lost to rejection within two years; • a third or a fourth kidney graft, irrespective of HLA sensitization. The main exclusion criteria were the receipt of a multiorgan or a previous nonrenal transplant or transplantation from a donor after cardiac death. Transplantations were performed only if the cytotoxicdependent crossmatch performed with serum sampled on the day of transplantation was negative. Possible additional crossmatching techniques and HLA matching selection policy were left to center practices.
Immunosuppression and Concomitant Medications
Antithymocyte globulin (Thymoglobulin, Genzyme, Cambridge, MA) was administered daily between day 0 and day 7 at a dose of 1.25 mg/kg per d. It was initiated intraoperatively, before graft reperfusion, and in cases of significant leucopenia (Ͻ3,000/mm 3 ) or thrombocytopenia (Ͻ80.000/mm 3 ), the dose was either reduced or temporarily discontinued.
Five injections of daclizumab (Zenapax, Roche, Basel, Switzerland) were administered at a dose of 1 mg/kg on days 0, 14, 28, 42, and 56, with the first dose being administered before graft reperfusion. Daclizumab was selected over basiliximab because its administration schedule permits a longer duration of IL-2 receptor blockade, 4 which we regarded as a potential benefit in this group of high-risk patients.
Methylprednisolone was administered on days 0 (500 mg intravenously) and 1 (250 mg intravenously), followed by oral doses of 16 mg/d from days 2 to 15, 12 mg/d from days 16 to 30, 10 mg/d from days 31 to 60, 8 mg/d from days 61 to 90, and then 0.1 mg/kg up to 1 yr. Mycophenolate mofetil (CellCept, Roche, Basel, Switzerland) was administered at a dose of 2 g/d during months 1 and 2. Thereafter, the MMF dose could subsequently be reduced to 1.5 g/d during month 3 and to 1 g/d thereafter according to individual center practices.
Tacrolimus (Prograf, Astellas, Tokyo, Japan) was preferred over cyclosporine A because it was thought to be more effective in rejection prophylaxis. 23 In the daclizumab group, it was initiated at a dose of 0.2 24 tacrolimus was initiated on day 2 in the ATG group and delayed until up to day 5 if there was no spontaneous decrease in serum creatinine. Target trough levels were 10 to 15 ng/ml for the initial 3 mo and then 8 to 12 ng/ml up to one year. Rejection episodes were treated with steroid boluses as by center practice. Banff grade III rejections were treated with either ATG or OKT3. Cytomegalovirus prophylaxis with oral acyclovir or ganciclovir, according to center practices, was administered to all patients for 3 mo, unless both donor and recipient tested negative for cytomegalovirus. Pneumocystis jiroveci prophylaxis with trimethoprim/sulfamethoxazole was administered to all patients for a total of 3 mo.
Study Endpoints
The primary endpoint of the study was the proportion of patients with BPAR up to one year. Rejection severity was scored via biopsy, according to the Banff 1997 criteria. 25 Patients with borderline changes suspicious for AR (mild tubulitis) were considered as having BPAR when they received a full AR treatment.
Secondary endpoints were:
• the proportion of patients with biopsy-proven and clinical (non-biopsy-proven) rejection; • the proportion of patients with recurrent AR episodes;
• the proportion of patients who needed treatments in addition to steroids for rejection (ATG, OKT3, IVIgs, plasmapheresis, or rituximab);
• the comparison of the histologic severity and the time of occurrence of the first AR;
• the proportion of patients with delayed graft function, defined as the need for dialysis within the first week after transplantation;
• renal function at 12 mo, as evaluated by plasma creatinine levels and glomerular filtration rates estimated by abbreviated Modified Diet in Renal Disease;
• patient and graft survival at 12 mo.
Safety Assessments
Safety assessments included occurrence of infections, adverse events, serious adverse events, and malignancies. Hematologic and biochemical laboratory evaluations were undertaken at baseline, on days 7, 14, 28, 42, and 56, and at months 3, 6, 9, and 12.
Statistical Analysis
The working hypothesis was the equivalence of both therapies in the prevention of the first BPAR episode. We predicted that AR incidence would approximate 30% and calculated that 115 patients were needed in each group with a noninferiority threshold set at 15%, an alpha risk set at 5%, and a power of 80%. All study endpoints were analyzed according to the intention-to-treat principle. Categorical data were compared with the use of Fisher's exact test, and continuous variables were compared with the use of the t test or the Wilcoxon-MannWhitney test as appropriate. The incidences of graft rejection, graft loss, and death were calculated by Kaplan-Meier analysis and compared with the log-rank test. A P value of less than 0.05 was considered to indicate statistical significance.
